An investigation on the oscillating characteristic of temperature and transverse velocity in a half-floating zone liquid bridge for the mixture solution of toluene/n-hexane with the ratio of 0.24/0.76 under gravity has been conducted numerically. In this paper, the free surface is treated as a deformable interface in the direct numerical simulation of liquid bridge by using a mass conserving level set method for the first time. The results show the onset of temperature oscillation is earlier than that of transverse velocity oscillation at the hot corner. The velocity oscillation presents a certain pulsation characteristic compared with the temperature oscillation characteristic. In the transforming process from the stable stage to the oscillatory stage, the coupling effects of the temperature, velocity, free surface and concentration oscillations constitute complete oscillation mechanism of thermosolutal capillary convection. When the concentration difference is ΔC cr =0.1 and temperature difference is ΔT cr =0.5℃, the oscillatory thermosolutal capillary convection is caused by temperature difference, the oscillation form of velocity on the monitoring points near the free surface is a sine curve. In addition, when the temperature difference is ΔT cr =1.0℃, the temperature at hot corner occurs irregular oscillation. At the hot corner, the average oscillating periods of transversal velocity at three monitoring points are T0.04s, and the onset times of transversal velocity is basically the same, t5.53s, which have a lag (t0.01s) compare with onset time of temperature oscillation.
Introduction
The convective motion along free surface caused by changed surface tension is called as Marangoni convection. Marangoni convection in liquid bridge has been studied intensively both numerically and experimentally under different gravity conditions. Due to the practical need of material production and the development of basic research in fluid physics, the mechanism of thermocapillary convection oscillations has become one of the hot subjects in microgravity fluid researches [1] [2] . Experimental and numerical results show that when the temperature difference between the top and bottom disks exceeds a certain critical value, thermocapillary convection becomes oscillatory. When the oscillation appears, the critical temperature difference (T cr ) corresponds with a critical Marangoni number (Ma) cr .
Smith and Davis [3] presented two kinds of instability mechanism in their stability analysis for thermocapillary convection in a thin liquid layer. The one kind of physical oscillation mechanism is the hydrothermal wave instability. This oscillation mechanism of thermocapillary convection is generated by the coupling effects of thermal diffusion and thermal convection. It is independent on free surface deformation. Another oscillation mechanism is surface wave instability. The free surface deformation plays a vital role in the generation of thermocapillary convection. It is considered that the coupling effect of temperature field, velocity field and free surface deformation excites oscillatory thermocapillary flow. Xu and Davi [4] extended the analysis results of infinite thin liquid layer into the linear stability analysis of infinity axisymmetric cylindrical liquid bridge without surface deformation under zero gravity. The authors pointed out that the heat loss is intensified on the free surface of liquid bridge with increased Biot number which is conducive to stabilize thermocapillary convection. Their results were consistent with the qualitative analysis of Smith and Davis.
Physical Model
In order to verify the present model, a comparison between the present results and available numerical results (Shevtsova et al., 1998[1] ) was performed by prescribing a liquid bridge of 10 cSt silicone oil with R=3 mm, H=4 mm, T=40 K, Re=166, and Pr=105. The results match those of Shevtsova et al [1] . well (see Ref. [5] ). Moreover, the dynamic surface deformation of the liquid bridge is taken into account to investigate the thermocapillary convection in the liquid bridge in the present work. Figure 1 shows the axial velocity distribution along the Y axial direction at the position x=1.25 with and without considering dynamic surface deformation at t' = 600. 
Velocit v/[-]

Distance from cold disk Y /(-)
With surface deformation Without surface deformation
Intermediate High Region
In this paper, a liquid bridge of the toluene/hexane is used to investigate the oscillatory thermosolutal capillary convection under gravity. The radius and height of the liquid bridge are R=2.5 mm and H=2.5 mm, respectively. The other initial computational conditions and other variates are adopted (see Table 1 and Table 2) The liquid bridge with radius R and height H is suspended between two coaxial disks and surrounded by the air in a rectangular container with height H and width 4R, as shown in Fig. 2 . The temperature difference between the two disks is T=T t -T b , where T t and T b are the temperature of upper and bottom disks, respectively.  is the ratio between the diameter and the height of the liquid bridge,  = H/2R. The general governing equations of this problem under the gravity are given by the following non-dimensional mass, Navier-Stokes, energy conservation, concentration transport and interface capturing equations:
  , that is viscous stress tensor. T is the temperature. C is the concentration. P is the pressure. F SV represents the surface tension of the gas liquid interface, which is denoted   dn SV F   , where  is the coefficient of surface tension, κ is curvature of the interface, d is the normal distance to the interface, is the Dirac delta function, and n is the unit normal vector at the interface.  is Level Set function. In this pape,we assume that the surface tension coefficient satisfies the linear relationship,
, where  T is surface tension variation coefficient with temperature and  C is surface tension variation coefficient with concentration. We denote The temperature, concentration, pressure and velocity are all assumeed zero at the initial moment, and the non-deformed gas-liquid interface of liquid bridge is a straight line. It is assumed that the non-slip velocity condition is achieved at the upper and bottom disks, respectively. The upper disk maintains a constant temperature (T t ) and concentration (C t ). The bottom disk also maintains a constant temperature (T 0 ) and concentration (C 0 ). The edge of surrounding air region is assumed to be no heat and mass transfer phenomenon except non-slip velocity boundary condition. In the distance function, it is assumed that the gradient is zero on the all solid walls. According to the above description, the mathematical expressions of the corresponding boundary conditions are as the following. 1) The initial time, t=0:
(9) 2) The boundary at right side, R=3:
3) The boundary at left side, R=1:
4) The boundary at upper disk, Z=1:
5) The boundary at bottom disk, Z=0:
Results and Analysis
In Fig. 3(a) , the concentration near the free surface is generally less than that on the other locations with the same height. However, this concentration distribution rule is just the opposite in Fig. 3(b) and Fig.3(c) , and the concentration gradient at the hot corner near the free surface in Fig. 7(a) is larger than that at the hot corner in Fig.3(b) and Fig.3(c) . In addition, the concentration gradient is large near the upper or bottom disk, and small at intermediate high of liquid bridge in the Fig. 3(b) and Fig.3(c) . Under the different temperature difference, the radial velocity and axial velocity near the free surface of liquid bridge with the same concentration difference (ΔC=0.1) is shown in Fig.4 and Fig.5 , respectively. When the temperature difference is ΔT=0.5℃ or ΔT=0.1℃, the change trend of radial velocity is basically the same. While the temperature difference is ΔT=1.0 ℃, the axial velocity is one order of magnitude larger than the radial velocity. The axial velocity changes from the positive value to the negative value with the increasing temperature difference, and it indicates that the direction of cell flow changes, in addition, the velocity peak of solute capillary convection is close to the upper disk and the velocity peak of thermocapillary convection is near the bottom disk.
Summary
In this paper, the temperature and velocity fields of thermosolutal capillary convection in half-floating zone liquid bridge of the mixture solution of toluene/n-hexane with the ratio of 0.24/0.76 were analyzed by the numerical simulation. When the critical concentration difference is ΔC cr =0.1 and temperature difference is ΔT cr =0.5℃, the oscillatory thermosolutal capillary convection is caused by temperature difference, the oscillation form of transverse velocity on the monitoring points at the hot corner is a sine curve. In addition, when the critical temperature difference is ΔT cr =1.0℃, the temperature at hot corner occurs irregular oscillation.
By comparing the onset times of dimensionless temperature oscillation on the different monitoring points, the temperature at the monitoring point "c" first oscillates, and the onset of temperature oscillation at the point "c" is roughly 0.02s earlier than that at other monitoring points. The onset of temperature oscillation at the point "a" is slightly lags behind that at the point "b".
From observing the temperature and velocity oscillation at the hot corner, the average oscillating periods of transversal velocity at three monitoring points are T0.04s, and the onset of transversal velocity is basically the same, t5.53s, which have a lag (t0.01s) compare with onset time of temperature oscillation. 
